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(54) DIRECT MEMORY ACCESS CONTROLLER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To perform plural direct 
transfer processes in desired order so as to improve the 
total throughput by controlling the direct transfer 
processes in order according to held priority. 

SOLUTION: A timer circuit 26 always detects the current 
time and informs a CPU l/F control circuit 25 of the 
time. A DMA stand-by register 27 holds the priority of 
plural direct transfer processes when control data for 
the DMA transfer processes are set in a control register 
15. More in detail, when the control data of the DMA 
transfer are inputted from a CPU 4 or an I/O 7 to a DMAC 
22, the CPU l/F control circuit 25 detects the time by 
the timer circuit 26 and sets the priority of the DMA 
transfer processes as the order of the time in a DMA 
stand-by register 27. Thus, when the priority of the DMA 
transfer is set, the CPU l/F control circuit 25 controls 
the order of the DMA transfer processes according to the 
held priority. 
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(57) [Rft] 




#Sf-^ SriElt-f 5 > * y £ &AttJ*1-5 

awash t #»r-^ imzmfi-t % ir 5/ -f t 

i IfflEx - * ^ * £ t T ml HE ^ n ir y f- $ 

5 w 1 4 < miiE^ * y t WEAtti^^a t omx^mf 

i-sr fcSrW«t-rsit*«ilB«c(0^ h^y 
^ax-^^tsti-r^^^y ir^sx-^^Aai^-r^ 

t aliEx— * Sr tfe* LTituE^n y^^-frfe £ 
* r i * < ifflE * * y i ffiEAW^SBi oW-efcliT* 

S&Htt, am^^ttIfSAtU^ggfc»LTllI#fc^T 

^Sx-^itft^aSrRtt, SWttSrr-^ft^aigL 

"CV>Si*coflfJiEAffi*S*(O^V ^ HEatOBBMS: 



(2) #§l¥9-2 2 3 1 0 2 

W 2 

#Sr-^ SrlEft-T 5 ^ ^ y t #Sf-^ S: Affl^j-t* 5 
Affl*»«t#a^x-^&S*|ltTi-5^a-feiy1^t 

10 5ri4<fflE^y tSJEAffi^SBtOlB-c^ax" 
J££Rtf, *»fiO«rffiAW^7fi«.(c#LT«#ic|6?T 

[0 0 0 1] 

30 [0 0 0 2] 

DMA (Direct Memory Access) Sc^fC J: 9 x — ^^iiS: 

M^yr^t^ay^ P-7tfc5DMAC(DMAC 
ontroller) (i, #ir-^ SrfiSi-S-r — ± 

9, ^ax-^SrEtg-ra^^-y t^ax-^srAtii* 

40 -9-tu:»jttSix5o tit, HESKoSlfflix- 

M^t^^^K^^y t Attica t^Pflr^ax 

[0 0 0 3] ;<7)J;54DMAC(l ±SEo J: 5 t-Sllfli 

-fiOAtB^^g t ^ y i: tf>RB-T?fr& 5 -IeI^MPB $ 
^ Wk<D¥4 v 9 h&m&&MLxmft~f%Zb&X 

156554-g-^a (C^/T^ $ tl± DMACft ffl^X - ^ T* 

5AB*g*t^^y tor Ki^^Srtfts-ra^v 5 ^^ 



m 

3 

[0 0 0 4] ^(0<t5<CDMACS:«[ifc7 f — ^40:88 

fttV^o :Oy^rA/<7 2(;H RAM(Random 
Access Memory) 3? CD ^ V^^U 3. :/n-fe y U"C#>5 
CPU (Central Processing Unit) 4, #4^/9 h^^r 
]) T?±X=i> h d — 7"C*5DMAC 5 j&sg$S£*lT 
*5!9, rcODMAC 5(-t>. ffiffiv'^Xi^* 2 fc 9J# 

/O (Input/Output) 7^««tSHTV^o 
[0 0 0 5] fldE^x^^2tt, T^^tTF 

^^j^^Sx— *£te&u wet ku*/<*k 
ati-So 0*9. *ax— ^^DMAteiitHfrisx-^ 
[0006] stiis^ ^fy^^y 3ii &wf-9 £»m 

A^^ffi^^Htr-T^o SfflECPU4B\ #i^)T-^ 

£ G KE1/07H &Wf—#*X\&j]'tZ>y s '<<<(* 
frbta*)^ «xlt SdE^-Y v^^y a^B'ft^-^Sr 
hj^s^— v 5 **^-^ striae ^^y 3^&h 

irSft^— ^SrAtB^SHDDWard Disk Drive) , 
[0 0 0 7] UEDMACStt, DMAteSISr^ffi"^ 

n> h d— 9 , EI6ii:*H~J: rtfflS'** 1 1 
y^l2, »cD I /OT K^W^? 1 3 N 

I / F 1 7 % 777 18« 

^r^^2«^, mJfS/^ 7 r l 8 \c 

mi i /o 7 as#*i£8E£*vc^So 

[0 0 0 8] fltjia^^^^^ 1 2 ft, Ulr^tl^DM 
Aigi£tDxWm£#!>> h~t%<DX\ r^Tii»cO 
DMA(E^»JELfc**-C&5o flME* ^yrKv* 
l/^^ 1 4 ft, DMAte^OfJffl]x-^£0~g(Si: LT 
mz*4 S(DT K^^IS^S^ fltjfei/O 

7K^^?13tt, DMAgl^)Wf-^W- 
SUt LT«IfHI/0 7OT Kl^^^ffi^^tLSo -*t?> 

KS^iX, ffjEUv 5 ** 1 3, 1 4 t>> 1Si5ccODMA^ 




#i?9- 2 2 3 10 2 



[0 0 0 9] flfj|E=t>' hn-;Vl/y^^ 1 5fi, DMA 

DMA6S©|iWS^7-^^fc LT{fc#1-5o W 
lE^SB^ i/FSJfflEIKi 7H, ffJfacPU4^ftfj|a 
>^ ^^y 3 fc<0&«Ox — ^alffi^f+^U flfG^ 
5/7;18t SUE I/O 7 ^cO#®cOx — ^ilff 

10 [0 0 10] ii^^^^itOx-^^SSttlT' 
tt, «xJ3\ I/0 7^<^BI#I1IK dH^it-f) l-D 
MAte2££r5#U rc7)^<^ilf¥[£lg§^DMAC 5tc/< 
r<Z>DMAC5tt:, v^xA/** 
2§rCPU4a>fc^9«LT£*U ^-r»^-y3i: 

i /o 7 t^ra^ax— ^^DMAte2isri6ff-t-5o 

[0 0 11] rcOj;9tcDMAte^Sr*ff-r5^, * 
cO^J^Jx-^cO— ffl5T-fc5y>f 3 £ I/O 7 t 

0>TKV*f4> DMAC 5<DUi/*? 1 3, 1 4 

s^sa*. ^tib(Du^^9 i 3, i 4^is«fe«ai*tte> 

20 ttrO^tO-C, DMACSfilfODMA^S^L 
[0 0 12] 4*5, IOi54DMAC5ia5DMA 

DMA^oBB^irt^a^^toax—^S: 
3 i i/o 7 topfl-er— ^(E^Kig^m?$ 

[0 0 13] 

#t^fcODMA^Sr^L 
[0 0 14] LJ&>U r<^«»(ODMAteSlf4, ft^Dt- 

40 (^»ODMAteaiSra:ii*|ifi#l-K^-f*5 fc ^ffi^ 
T#5^s, ^tLSrHa.i-a^SF±#M 5 P3-l56554-g-^« 

[0 0 15] L^t>, ^cDDMAgi^ificLTUtT 
rtb^ji-ss-cSrS'ODMAtei^SrR*: 
Tt*V^T% Ig^^DMA^SrJSMLXll^TtT^ 
5**^ iOfiS^DMAiES^BdS^L-rt, 

[0 0 16] P3«(c, «*(ODMAftiSS:aaLt*lT 

50 2 Sr46ffli-5rt^X'tiV^T% C P U 4 ^rtSBSia 




(4) 



[0 0 1 7] o*9, ML/cf-^^Igf lit « 
»^DMA(teS6SriSfitLTllfT-t-Srfctt-etS*, £ 

[0 0 18] 

[aUiSr#«:i-S*:«>(0#a] »#*iK*<0*9if±, 

* * y fcfl(risAffl**«i ^ffl-c^a^-^ sr^>r ^ 

te2l<OJi|S#S:SH9"f 5te2ISJW#&S:Rft7to lot, 
[0 0 19] »*«2|E*<0«M"Ctt, §MW6liB«tf> 

[0 0 2 0] if*«3iE«c03gM-Ctt, St#XgiEfttf> 

«r-raa*«»»#asrR^, easy»^«tt, m&o 
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lT6 0 lot, ig«LTim£;ft5«»cD^Vi^ hfe 

[0 0 2 1] lf*ll4E«c^W« s 
ax-^^Affl^i-6 Affile t^SOx-^jfigSr 

^ n -fe y f - Sr ^4 S * 5 r 1 4 < flfrlS y y t MfEAfcb 

£Rij\ R^^ttfcSJWx— >(c?§oT«»<o.^ 

^Ste&^^h^&SrRtf-, «StffiOiifiIEAttJ;*jS 
^<0S!fH£t*^^Sx-^Jttt^lS:S:Rjt, 

^Am^^g^LT^IcHfltfc^W^ bfc%<D 

mm{&&T*-*mmi§Lx^z>t, ^itsiw^g^sc 

[0022] m^msmmo^mxit, m^m4mm<o 
4 v? hte^^-B#^±t-§ 0 lor, 



7 

[0 0 2 3] »*«6!E«cO*W{i, ^ir-^^ 

-t -/ $ *5 r 1 4 < stiles y t wsEAa 

h^^eUT^ir^rx^hp-yt-^^T. «a?>^ 

fiOAtU*3Sttt^L-Cl|g#ic3lff-f 6^ ^ Kte2l 
[0 0 2 4] 

[0 0 2 5] £1\ ^HJSO^ffiOx-^MSSg2 1 
h D-7*(?fc5DMAC 2 2 S:-{8t Lt^S^ 



(5) »BB5p9 -2 2 3 1 0 2 

DMA C 2 2 fc y^Xh^>C PU4 t^y^fA 

^ 2 fe'ftt*4< #ffl<07^t^7-f y 2 Sld^oTt 
8M*£;ft/t^5o :©7^t^7>f>2 3H CPU4 
^ DMA C 2 2<7>£g|Sl 2-1 6 icT ^ ± fc» 

1/^ H|c^T'fo5DMAte^O^T^ii^-r6 7t^ 
0\ £««*§\ £fcsH-£ 0 

i5luDMAC2 2(0#aS12-16|:tt, DMAgI 

10 dSRttbftT^So 

[0 0 2 6] *H16^>jKli<ODMAC2 2 W\ ±j£(Dj; 
9 tii^O^X 2 <DmZ-W\&T?±X7 4 > 2 

3~t>mm£tiX^2>(DX\ 0itc*i-J:5(-, ii^^rt 
gf5y<^l K0tti^CPU4^>r^-fe^*fflOrta^^2 

4fc*LT^5o r©DMAC2 2<DrtSR-ett, isa<7> 

^^U7 K^l'v 5 ** 1 4t^^i<D \/OT Y\s^\/ 
^^I3i: tt, ftfJieftglW* ll, 24 <^P5*t^«t 

*ttT*5D. i/f$ijwih]s§i 7 tsa^^y 

77 l 8 ifj; WErtS^i lO^KSSiRiixT^ 

20 £ c Ha^SSI^^^^ 1 2 t3VhD-;H/^^ 1 

?gTfc5CPU I/ / F$)J^[e1S§2 5 Sftt^ 
5 0 rOCPU I/FSJ»|H]K2 5{Ctt, mUT?~t* 
7-TV2 3t^-Y-^lHlK2 6 tdS»ttS*LT*3!9, tftlE 

iUv 5 ^^ 2 7^jfg£tlT^£o 
[0 0 2 7] StrfST^^^y^ >2 3fJDMAC 22W 

tfriErtas-'*;* 2 4(^^$nx^'9 > r<ortSB^^2 4 
30 (cfltria#SBi 2-1 6^SM^tir^a^-c\ suaioj; 

9tCCPU4ttDMA^CO*4 3 T*t ( DMAC2 2 

SIS 1 2-1 6\z.T?±*-fZ>^bfrx*%Z> 0 - -^(D^ D 

MAC2 2(0ffjfSCPU l/Fmm^2 5 tt % CPU 

I/F t LTCPU4 ir^X-^iiff ^f+^-r^ffi, ©J 
»®Ki: LTDMAC2 2 CDrtgB&aSraffittt-ffilft-r 

[0 0 2 8] tfjfB^-r "^lH]£g2 6tt, a^WpPflS:«^ 

^ait. rtL&tiiiscpu i/f»[e]s§2 sicii^-r 

5o iEDMA^«U^^2 7tt, a^hn-yPUv? 
40 jx^ i 5(ca»©DMAgii(0»Jj»r-^^K^$n5 

fli&NBf-tt* CPU4^I/07^f)DMAC22fCD 
MAteii<09J»r-^^A*StL5fc % ^^^J^ftJfS 
CPU I /F$iJf9[Elgg2 5^*IIE^^^lHlK2 6{Cj:t9 
feffiU, L"Clga^DMA(g^<7>ff5fe 
ff^|BDMA^«lUv f ^^2 7(Cffi^SixSo -0<t 
5i^a^DMA|5^(OffiJfe«3&5flftffiDMA#«tUi/^ 
^ 2 7^ffir«p$n*t, fttlfSCPU I/FSI»lHlK2 5 

50 SrSJfflJ-TSO-c, a»(ODMA|E2l(4ffi^$ixfc|iI#lc 



(6) 
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[0029] roi5 4*j*^*5V^ fl&tf, cpu 

4^1 /O 7 ^bDMAteIC0|iJiT-^^DMAC2 

2S:CPU4^e>eJ!9HtLTA#L, 3 h 

I/O 7 t^Bfl-C^ax— ^^)DMAfeiSSr|ltTl-5o 
DMAC2 2ICH, DMAte^ftJftlT— ^T* 

[0 0 3 0] Mift #ISlft<^lfiOx-*»83£lf 2 

^^yf-^&^^y^^i) 3^?>1S«^> I/0 7CI 

ft^DMAteiHSrlltTi-Sii^ #^jfeC0»i»ODMA 
C22tt, SfftcODMAteSSrSJW'r-^^K^SnA: 
JS#^|lfrf £<OT\ tt»<DDMAtej£ttfi&iHfT£ 

[0 0 3 1 ] r^i^^DMA^Htr^^I^ 

^tesSrrtas-eiitTt-srfctt-Tff 5<o-c, cpu4© 

A fi £ if AO £ 5 r h ft < r - * &31 fc x - * fe^ fc jjs 

^^^^LTff^DMAte^^^tThV^^^ 

[0 0 3 2] CPU4B:, DMAS 

^ff c t J t't>7^t^7^y2 3tCj;i9DMAC2 2 fc 
fI(^)DMAei£Offl»r-^ £t£AE!T5 r t 
^DMAC2 2(W(DDMAK^a»7-^^ 

[0033] 0iJx.Hr, _ki£<DJ; **&a3£lf 2 l 

KSS^DMAlEaif 2>Sft<0-f * - v^-^ ft* 4 

^M-f^^y 3iCjg^^tifc^TDMA^Sr^ 
*^5^^^T^, ^ODMAteSlollfir^icJKgt^^ 
> — v?-^-* £SM LTDMAteiH SrK^-fS r i ^ 5 "C 

[0034] ^mmm^-^^mmw 2 1 a, c 

PU4 £ DMA C 2 2 t tfS^CDT > 2 3 d 

CCPU4^DMAC2 2 (CDMA^O ^ lt£rg*-f 

[0035] **egtt±ia*S:^PS^$n5tcD 

MAC 2 2 -e« x ««^DMAteS^«^«SrSiJWr- 



X 5 I /O 7 <Ofi5fiK#j£ LTK5£ L 

"C*3< ^mxh% 0 r<£>4§£\ DMAC2 2^D 
MAte&£|gff LT^S**}^ g^ft I/O 7;6>ib#r 
t8.0DMA&T£<Dfflfflr r ~#&DMAC 2 2 *l 

[0 0 3 6] Sfc, -bfeLfcH*(0^ffiTii, DMAg 
atl^JIff + ^ffiODMAte^SK^StLSt, Htf* 
ODMAte^^T L-C^^ifODMAfil§«ft 

[0 0 3 7] r<Oi§-3\ DMAfeS^lgfi^^ScOD 
MAlte2|(OS!|»-r-^dS#gRl 2-1 6(^^^^tL-5 

Mft*oDMAmmi>$/vx£$wDMA&m<Dm 

M^DMAMl/y^^ 2 7{C<fci9 {*£f£*l£ 0 C<D 
<t 5 f-ift^$nfc«itft^tSoT«ft(ODMAte^J|S 
##CPU I/FSJ»0B2 5{CJ;*jasil»Sn5<7)^ 
fr^-l^^$nfcDMA^(O^S^#«^(ODMA 

e^cOft 7 tS^llfi :c l :1 cODMAte^i;t9^v^t, Hffl 3 
<^DMA(siidS-fe*±SnTlSfffi©DMAte2|^tfife 

[0 0 3 8] 0*t) % ^T^ODMAteStitJfifffcD 
MAtei£££r&i-R^*itt\ 3S^*^DMA*E2ttt* 

±Sixrfis*DMAte3i^fioffi(cB8*&s^5o^ a 

[0 0 3 9] ±!SLfcia(tt©?gffi-C«:, DMA C 

30 2 2^^r^^2Sr t &*Lrffi»^DMAte3IS:ji 
ttLT^rfS CPU4^f*ttltfDMA 
C 2 2 f*DMAfi2l§r— ^P^ih LT^fA/^ 2 
«PBBft-rSds, *>5-^x-^»DMAteSSrH?f 

^x^wr-tzt i /o 7 ftiE^immL^m^hh 
%o zti&ftimtttzm&fr^ msKTfk-rxo^ d 

MAC 2 2\C<p±mW^&t LT*±$fJ«l£]?S3 1 
ADU aai-5«ft©DMAte^<0-«p4 ) il:SrigjE{c:SJ 

[0040] r<o^±wiii^3 

£§33. I»l)v^3 4, S*(teab?7*:^3 5, 

SBi LTrtSB^ 2 4 icfta£*lT^5 0 a^LT^fi 1 
-r5*»^DMAte^^ff5fe^S||g^ r> v^r 34| : 

ft^FStl, CPU4fCj:5DMAfeSC0-^^±<O^ 

ft^+Wr^^v^ 3 2t2i»«F$ti5o mb^^^v^ 

3 2, 3 4{C»«f$ttfc«*«tff^tiSJt«lHl»3 
3tCitS$IX, &ODMAfe2IOff5feftdS-B#cfJil:<OS 

50 ^ 2 ^ C P U 4 K-ffiSrMSfr S tl5 0 
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[0 0 4 1] :Ofc^ CPU4iSDMAte2IO— B** 
±SrB*ai=.<tl9DMAC2 2tJlK^i-St, CD DM 
AC 2 2 ttJES^Uff-rattftODMAteiSIOtfJfea* 

Vi&T Ltc&f&X\ DMA$ci££— ^it LT 
^fA^2 5:CPU4{:-«t5c Z<otc#>. 
SmcODMAte^SrS^S^IIS-r-ii^LT^ff-r^m 

STfeS^ffi^DMAe^fiiSMLT^tf $*U 
ffi$tea»sffi;^DMAte£<fc 9 C P U 4 ©7-?«!ii4 s « 

AC 2 2KB£tot-S£L"C*5< wfc fc So 

[0 0 4 2] £/c, ±.ft<D£ote*±mW\B}'&3 1 <D» 
(W^Il, aaLT*tf*tt5««ODMAfiiS 

MA^r^'t^^hU 4^ £^ 3 2(1 

< 0 roi5 4**B-e, it«isi!S3 3*ci9, mrb*: 20 
DMA^f-^t^if^SMt SritttU 

LTi^5fc»^ I/0 7ODMAfe 
^of^Sr-^itU fi#Lfc^^7 t A^2S:CP 

[0 0 4 3] r4>#-g\ Hfif L/cDMAfeS(/)r — ^ifc 
dSS2PffiSrjBig"fSt^ «&<ODMA&2itf>Stt<z>^fr 
^S— ^pcfijhStb"CC PU4 (ci/J^T-A/<^ 2*s— ^pHSc 
£tl5<0T\ CPU4tt*fflttt-^7 i A^^2Sr*l]ffl 
t^^tm^c ftfcs IltttDMA^^f 1 

ibK rtt*CPU4^— ^*Jh<0S*Kt 

[0 0 4 4] rrt?tt*»<0I/O7^»LTJS 
ft^Hn-tSDMAGSISr-SF+it-fSSR, WI/O 
7 tc*rf £ DMAffi^T Lrd^-NP+iSr^ffi- 
5^X\ -ffl(0I/O7«C*ti-5DMAte^5*»T$tt 

Sitjjs^ L^U ^Mt+^dma^ 

Z>zti>~*imxh6 0 z.<nm%, r-^$c^S¥I{^'l 40 
ig l s#£ t? % ft * o d m a feS -ct — p# * it £ tt 3 <E> 
x\ 2 4^>f ^ ^^-cc p u 4 11* 

[0 0 4 5] rrT*KMS»ODMAte&£)«# 
iC7ni-«t5i-, 4 , ±3ifJffli^i^^4 l ±»lH]£§4 l 

te^tb#at , fcste2i*^>^4 2, 

^4 3, 7 f -^Jtt5E¥aTfcStt:t8Si»lHlK4 4, 50 
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ft^DMAlSi^oWJWr-^^K^Snfc^-t 8 , -to 
4 2{c < tti^^>'h LTtttB-t- 

5o cpu4as5*t-5msoa*ffiSr**te«^^ 

[0 0 4 6] Z<D\t&<D&$k. X— *&tf s £*ffi£ffliS 
Lfc^*&i-HU -t<04*ffi«^DMAteSIS:3lttLT 

i££##tf£ 0 ^0»»»a», Jttt«HEIsI!84 4KJ: 

^ 4 stcK^stbswx?, wowsftteai*^^^ 4 si: 
K^$nfc^-^»^»iStra*oDMA*5is^i"i 
$ti^ 0 ros^fc, ifjttu-rHffi-5*«oDMAte 

SSr^fflWti-^+Jt IXCPU4 C^tA/U 2 £ 
[0 0 4 7] 

wbl<d?>(\/9 y&m*rftm<omm^ i mft~tz>^ t&x 

[0 0 4 8] »**2|B«©38M-CO:, 

[0 0 4 9] »**3E«0*Wt?»4, ^W^KEiS 

^ v&&%m&&<»M&xmmLxmi^%Wi£xi>, 




[0 0 5 0] !ll*94SEao*WH:, W8W>^ ^ h 

4 is 9 v^m^mLxmn-r^m^x^, t<n^>-$ 
m^ms%^L±m&x&(Dy4 y? nanas-H* 

£2gffii£JfcRU *ihfHW#&&, SWtt-x-^fc 

<fc 9 x-*&S£3Sff^5 ^W^M^ii 
[0 0 5 2] W#«6iEttO*Wa, ft^Vl/^h 
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mmLxM?f£rL?>mm<D^ 
&m%mft-tz>ztftx%, £&tb?mm$)m$:fa±.£ 

[mi] #*W<0Hlfco-jgte<^>f i/^b^^eyr^ 

[HI 2] DMACSr— SBiri-Sx-^^agaSr^i"^ 
[0 3] — ^0iJ(O*±*J»#&^fc5*Jkffil»llI?&S: - 

[04] fa<D£mm<o*±mw^&x~hzq>±fflfflm96 

[0 5] -f*i^f-^MIgt^^t^n s^ElT 
[0 6] — ffi*W©DMAC^/Tt^P s/^0t?*5 o 

[»t©Kfl] 
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